The malic enzyme from Halobacterium cutirubrum requires monovalent cations for both activation and stabilization. NaCl, the best stabilizer, is ineffective as activator; NH,Cl, the best activator, is a poor stabilizer. These results support the idea that the roles of salts in both processes are different.
Most enzymes from extremely halophilic bacteria require high concentrations of monovalent cations for both activity and stability (4, 5) . It has been suggested recently that the role of salts in activation may differ from the role of salts in stabilization (3) .
Malic enzyme [L-malate:nicotinamide adenine dinucleotide phosphate (NADP) oxidoreductase (decarboxylating), EC 1.1.1.40], which catalyzes the reversible reaction: L-malate + Mn 2+ NADP M-pyruvate + HCO3-+ reduced NADP (NADPH), requires NH4+ or K+ for activity but not for stability in the nonhalophiles Escherichia coli (8) and Bacillus stearothermophilus (J. J. Cazzulo and T. E. Massarini, unpublished data). On these grounds, malic enzyme was chosen to test for the possibility that monovalent cations have two different functions: one related to activation, the other to stabilization, of enzymes in extreme halophiles.
Halobacterium cutirubrum (kindly provided by D. J. Kushner, Faculty of Science and Engineering, University of Ottawa, Canada) was grown at 38 C in 1-liter batches of complex medium (7) aerated by forcing air through the culture with a vacuum pump. When the absorbancy of the culture at 680 nm reached about 0.5 (usually after incubation for 4 4 C with stirring and used for the experiments. Protein was determined by the method of Lowry et al. (6) .
The activity of malic enzyme was assayed spectrophotometrically as described in the legend to Fig. 1 ; reaction rates were constant for 1 to 2 min, and the activity was proportional to the amount of enzyme added from 0.01 to 0.15 ml of crude extract. All salt solutions used contained 0.05 M Tris-hydrochloride and 1 mm EDTA and were adjusted to pH 7.8.
The enzyme was identified as a malic enzyme because of its requirements and products for both the direct (L-malate decarboxylation) and reverse (pyruvate carboxylation) reactions. NAD did not substitute for NADP, but MnCl2 was partially replaced by MgC12. Fig. 1 shows that NH,Cl was the best activator of malic enzyme, the maximal activation being attained at about 1 M; KCl was considerably less effective, and NaCl and LiCl were completely ineffective. The malic enzymes in E. coli (8) and B. stearothermophilus are activated by much lower concentrations of KCI (up to 0.05 M and 0.1 M, respectively) and inhibited at higher concentrations of salt.
In the presence of 2 M KCl, NH4C1 caused a considerable activation over the basal activity; the addition of NaCl did not change the reaction rate, and LiCl caused a clear inhibition (Fig. 2) . When the effects of KCl, NaCl, and LiCl were tested on the basal activity attained Effect of NH4Cl, NaCl, and LiCI on the activity of malic enzyme in the presence of 2 M KCI. The reaction mixture was as described in the legend to Fig. 1 , except for the salt concentration. KCI (2 mmoles) was present in all the samples with the other salts at the concentrations stated on the abcissa. A 0.05-ml amount of dialyzed cell-free extract (1.06 mg of protein) was used. Symbols: KCI (0), NH4Cl (0), NaCI (A), LiCl (A). velocity, suggesting that K+ binds to the same sites on the enzyme surface already saturated by NH,+. The complete lack of effect of NaCl as an activator of the malic enzyme contrasts with the studies on enzymes from extreme halophiles reported so far (1, 2, 4, 5) .
The malic enzyme activity was completely lost after dialysis overnight against 0.05 M Tris-hydrochloride (pH 7.8) containing 1 mM EDTA, showing that the presence of salt is essential for stability. NaCl proved to be the most effective stabilizer, KCl was less effective, and NH4C1 was almost completely ineffective (Fig. 3) . LiCl actually decreased the enzyme stability in the presence of 0.6 M NaCl. It is noteworthy that the most effective activator, NH,Cl, was ineffective as stabilizer, . 3 . Stability of malic enzyme in the presence of monovalent cations. The enzyme preparation (final concentration, 1.92 mg per ml) was incubated in the presence of different concentrations of NaCl, KCI, NH4Cl, and LiCl at 0 C. With the latter three salts, NaCl was present at a concentration of 0.6 M (carried over with the dialyzed cell-free extract). Samples (0.4 ml) were taken at the times stated on the abcissa and assayed in a reaction mixture similar to that described in the legend to Fig. 1 in the presence of 2 M NH4Cl. The results were plotted on a logarithmic ordinate scale assuming the enzyme decay to be a first order process. The half-lives calculated from these plots are given below. Symbols: 3 M NaCl, 120 hr (A), 1 M NaCl, 24 hr (A), 0.6 M NaCl, 7 hr (A), 3 M KCI, 55 hr (0), 1 M KCI, 20 hr (0), 3 M NH4Cl, 12 hr (0), 1 M NH4Cl, 7 hr (-), 3 M LiCl, 5 min N), 1 M LiCl, 48 min (). Under similar conditions, the half-life in the presence of 5 M NaCl was nearly 300 hr. It is noteworthy that the curves were biphasic, since there was a partial and practically instantaneous decay upon dilution of the enzyme, followed by the much slower decay shown in the Fig. 3 . This initial decay varied linearly with the salt concentration, being maximal (20%7o) in 0.6 M NaCl. For LiCl, this initial decay was apparently greater, but in this case, the results are more complex because of the inhibitory effect of the salt. The 100%o activity for each curve corresponds to the activity measured immediately after dilution. VOL. 109, 1972 whereas the most effective stabilizer, NaCl, did not activate at all. The better stabilization by NaCl, as compared with KC1, is similar to that reported for the NADP-linked isocitrate dehydrogenase from the same organism (3) . There is also a strong similarity between the effects of LiCl on the latter enzyme and that of NH,Cl on the malic enzyme, since they are the best activators, at least at low concentrations, and are ineffective as stabilizers. The results reported here give further support to the, proposal by Hubbard and Miller (3) that the salts may play different roles in the activation and stabilization of halophilic enzymes.
